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(LV) $\frac{dx_{i}}{dt}=\gamma_{i}x_{i}(1+\sum_{j=1}^{3}a_{ij}x_{j})$ , $i\in\{1,2,3\}$ .
3 , 3 Lotka-Volterra
. ,
$\mathrm{R}_{+}^{3}j=\{x\in \mathrm{R}^{3}|x_{i}\geq 0 (i=1,2,3)\}$ .
, . $\gamma_{i}$
$a_{ij}(i,j\in\{1,2,3\})$
. $\gamma_{i}>0$ , $a_{ij}$ $i$ , 3 .
, $a_{ii}<0$
, $x_{i}$ . $a_{i,i-1}<a_{ii}<$
$a_{i,i+1}$ $(i\in\{1,2,3\})$ ,
,
. $A:=(a_{ij})$ , $\det A<0$ , $(\mathrm{R}_{+}^{3})^{\mathrm{o}}$
( ) . , $(\mathrm{R}_{+}^{3})^{\mathrm{o}}$ $\mathrm{R}_{+}^{3}$
. .
3. 2 3
2 Lotka-Volterra , .
,





3 (LV) , $A$ $(a_{ij}=a_{i+1,j+1})$ , $\gamma_{1}=\gamma_{2}=$










( May-Leonard ) , $\gamma$
, ([UO])
$H(x)= \int_{c}(\frac{z\cross f}{z_{1}z_{2}z_{3}})\cdot dz$ .




[UO]. , $\gamma$ ,
$\hat{f}$ , $\hat{f}$ ,
$\hat{f}$ .
‘ ’ .
, , Poincar\’e-Bendixon , $\hat{f}$
, ,
2 , 3 $\omega-$
. ,









, ( ) May-Leonard
.
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$\frac{dx_{i}}{dt}=\gamma_{i}x_{i}(1+\sum_{j=1}^{3}a_{ij}x_{j}+\epsilon_{i}\phi_{i}(x))$ , $i\in\{1,2,3\}$ .
$\phi_{i}(x)$ , $\epsilon:=(\epsilon_{1}, \epsilon_{2}, \epsilon_{3})(\epsilon_{i}\neq 0)$ $(i\in\{1,2,3\})$ .





$(\mathrm{L}\mathrm{V}_{\epsilon})$ & $\Gamma_{\epsilon}$ .
.
1[U]. (LV) $\gamma_{1},$ $\gamma_{2}$ $\gamma_{3}$ (
$\tilde{\gamma})$ .
(1) $\text{ _{}A}>0$ $\det A<0$ $(\mathrm{R}_{+}^{3})^{\mathrm{o}}$
, .
(2) $\text{ _{}A}<0$ . $(\mathrm{R}_{+}^{3})^{\mathrm{o}}\backslash \Gamma_{\epsilon}$
, .
$\Gamma_{\epsilon}$ 1 . 1 ,
$\tilde{\gamma}$ , J. Hofbauer K. Sigmund[HS] $\mathrm{R}_{+}^{3}$
. (1) (LV)




, $\mathrm{M}$ . $\mathrm{W}$ . Hirsch [H] ‘ ’ , (LV)
$a_{ij}<0$ , $i\neq j\in\{1,2,3\}$ ,
, ([CHW],[DZ]) .
1 , ‘ ’
. ‘3 ’ $(a_{i,i-1}<0<a_{i,i+1})$ )
.
6. 1
(LV) $\gamma$ $(\mathrm{L}\mathrm{V}_{\gamma})$ , $\tilde{\gamma}$ $(\mathrm{L}\mathrm{V}_{\overline{\gamma}})$ .
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$\Gamma_{1}$ . $(\mathrm{L}\mathrm{V}_{\gamma})$
$\text{ _{}A}<0$ $\Gamma_{1}$ . .
1. $(\mathrm{L}\mathrm{V}_{\overline{\gamma}})$ . $K_{\epsilon}\subset(\mathrm{R}_{+}^{3})^{\mathrm{o}}$ $\Gamma_{1}$ $n(\Gamma_{1})$
$(\mathrm{R}_{+}^{3})^{\mathrm{o}}\backslash \Gamma_{1}$ $G(x)$ , $(\mathrm{L}\mathrm{V}_{\overline{\gamma}})$
$\theta\in(0, \pi)$ $C_{\theta}:=\{x\in(\mathrm{R}_{+}^{3})^{\mathrm{o}} : G(x)=\theta\}$ , $\dot{G}$ $K_{\epsilon}\backslash n(\Gamma_{1})$
.
- 1 -
$(\mathrm{L}\mathrm{V}_{\gamma})$ $S_{+}^{2}:=\{x\in \mathrm{R}_{+}^{3} : |x|=1\}$ $(\hat{f})$
$(\hat{f})$ $\dot{x}=F-|x|^{-2}(x\cdot F)x$ ,
$(\hat{f})$ $\varphi_{x}(t)$ .
$\hat{\psi}$ : $\mathrm{R}\cross S_{+}^{2}arrow S_{+}^{2}$ $\hat{\psi}(t, x)=\varphi_{x}(t)$ .
$\hat{\psi}(0, x)=x$ , $x\in S_{+}^{2}$ ,
$\hat{\dot{\psi}}(t_{1}+t_{0}, x)=\hat{\psi}(t_{1},\hat{\psi}(t_{0}, x))$ , $t_{1},$ $t_{0}\in \mathrm{R}$ .
, $\hat{\psi}$ $S_{+}^{2}$ . $t\in \mathrm{R}$
$\hat{\psi}_{t}(x)=\hat{\psi}(t, x)$ , $(t, x)\in \mathrm{R}\cross S_{+}^{2}$ .
$\hat{\psi}_{t}$ : $S_{+}^{2}arrow S_{+}^{2}$
.
$(\mathrm{L}\mathrm{V}_{\gamma})$ $\text{ _{}A}>0$ . $x_{\gamma}^{*}$
, $d$ , $\overline{C_{d}}:=\{x\in(S_{+}^{2})^{\mathrm{o}}$ :
$|x-x_{\gamma}^{*}|=d\}$ $(\hat{f})$ ( ) .
$\hat{\psi}_{t}$ , $t<0$ $\hat{\psi}_{t}(\overline{C_{d}})=\{\hat{\psi}_{t}(x)\in$
$(S_{+}^{2})^{\mathrm{o}}$ : $x\in\overline{C_{d}}$} . $t<0$
$C_{\theta}:=\cup s\hat{\psi}_{t}(\overline{C_{d}})s>0\subset(\mathrm{R}_{+}^{3})^{\mathrm{o}}$ ,
$\theta=\cot^{-1}t$ .
$(\mathrm{L}\mathrm{V}_{\overline{\gamma}})$ $>0$ . $G:(\mathrm{R}_{+}^{3})^{\mathrm{o}}arrow \mathrm{R}$
$G(x)=\{$
$\theta$ $(x\in(\mathrm{R}_{+}^{3})^{\mathrm{o}}\backslash \Gamma_{1})$ ,
0 $(x\in\Gamma_{1})$ .
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$\dot{G}:=\nabla G\cdot f=\sum_{i=1}^{3}\frac{\partial G}{\partial x_{i}}\dot{x}_{i}$ ,
$:=( \frac{\partial}{\partial x_{1}}, \frac{\partial}{\partial x_{2}}, \frac{\partial}{\partial x_{3}})$ , $f:=(f_{1}, f_{2}, f_{3})$ $(\mathrm{L}\mathrm{V}_{\overline{\gamma}})$
. 0 $\epsilon$ ( $\epsilon_{i}(i=1,2,3)$ 0 ) ,
$K_{\epsilon}\subset(\mathrm{R}_{+}^{3})^{\mathrm{o}}$ $\Gamma_{1}$ $n(\Gamma_{1})$
$\dot{G}<0$ on $K_{\epsilon}\backslash n(\Gamma_{1})$
. A $<0$ $K_{\epsilon}\backslash n(\Gamma_{1})$ $\dot{G}>0$
.
( )
, $(\mathrm{L}\mathrm{V}_{\gamma})$ , $(\mathrm{L}\mathrm{V}_{\overline{\gamma}})$
. ,
, .
2. $(\mathrm{L}\mathrm{V}_{\overline{\gamma}}.)$ $\det A<0$ A $>0$ .
, $I(q)_{\epsilon}\subset(\mathrm{R}_{+}^{3})^{\mathrm{o}}$ $T>0$ , $(\mathrm{R}_{+}^{3})^{\mathrm{o}}$
$.\psi$ , $t>T$ $\psi(t)\in(\mathrm{R}_{+}^{3})^{\mathrm{o}}\backslash I(q)_{\epsilon}$ .





, $P_{\epsilon}(x)$ $(\mathrm{L}\mathrm{V}_{\overline{\gamma}})$ , 3
Lotka-Volterra $P(x)=\text{ _{}i=1}^{3}x^{\mathrm{P}i}$ . $p_{i}(i=1,2,3)$
$q>0$ , $P(x)$
[HS]. 2 , $(\mathrm{L}\mathrm{V}_{\gamma})$ (
) $I(p)$ $p>0$ , (LV\gamma \tilde ). $q$ $\epsilon$ 0
, , $P(x)$




, $D_{r}:=\{x\in(\mathrm{R}_{+}^{3})^{\mathrm{o}} : D(x)=r\}$
. $D(x):=|x|^{2}$ . 1 $C_{\theta}$ ( )
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.$\lim_{\thetaarrow 0}C_{\theta}=\Gamma_{1}$ , $\lim_{\thetaarrow\pi}C_{\theta}=\partial \mathrm{R}_{+}^{3}\backslash \{\infty\}$ $\lim_{rarrow 0}D_{r}=\{0\}$ .
$r_{1},$ $r_{2}(0<r_{1}<r_{2}<\infty)$ $\theta_{1},$ $\theta_{2}(0<\theta_{1}<\theta_{2}<\pi)$ ,
$D_{(r_{1},r_{2})}:=\{x : r_{1}<D(x)<r_{2}\}$ , $C_{(\theta_{1},\theta_{2})}:=\{x:\theta_{1}<G(x)<\theta_{2}\}$ .
$(\mathrm{L}\mathrm{V}_{\gamma})$ $\det A<0$ A $>0$ . ,
, 2 $I(p)$ [HS].
$\psi(t)$ $\psi^{:}(t)$ , $\underline{\delta},\overline{\delta}(0<\underline{\delta}<\overline{\delta}<\infty)$
, $(\mathrm{R}_{+}^{3})^{\mathrm{o}}$ $\psi(t)$ , $\lim\inf_{tarrow\infty}\psi^{i}(t)>\underline{\delta}$
$\lim\sup_{tarrow\infty}\psi^{i}(t)<\overline{\delta}(i\in\{1,2,3\})$ .
$(\mathrm{L}\mathrm{V}_{\overline{\gamma}})$ $\det A<0$ $>0$ .
$I(q)_{\epsilon}$ , 2 , $\epsilonarrow 0$ $I(q)_{\epsilon}arrow I(p)$
.
, $\epsilon>0$ , $\gamma>0$ , $|’\gamma-\gamma_{i}|<$






, $L$ , $T>0$ ,
$t>T$ $\psi(0)\in D_{(L,\infty)}$ $\psi(t)\in D_{(0,L)}$
. $(\mathrm{L}\mathrm{V}_{\tilde{\gamma}})$ $\psi(t)$ .
$(\mathrm{L}\mathrm{V}_{\gamma})$ , { $x\in C_{\theta}$ :
$0<\theta<\infty\}$ $\dot{G}<0$ $\{C_{\theta}\}$ .
$(\mathrm{L}\mathrm{V}_{\overline{\gamma}})$ , $\epsilon$ 0 , $\underline{r}$ ,
$\overline{r}(0<\underline{r}<\overline{r}<\infty)$ $\underline{\theta},$ $\overline{\theta}(0<\underline{\theta}<\overline{\theta}<\pi)$ , $r_{1},$ $r_{2}(0<r_{1}<\underline{r}$
$\overline{r}<r_{2}<\infty)$ $\theta_{1},$ $\theta_{2}(0<\theta_{1}<\underline{\theta}<\overline{\theta}<\theta_{2}<\pi)$ ,
$\dot{G}<0$ on $D_{(r_{1,}r_{2})}\cap C_{(\theta_{1,}\theta_{2})}$ (1)
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$D_{(0,r_{1})},$ $D_{(r_{2},\infty)},$ $C_{(\theta_{2},\pi)}\subset I(q)$ (2)
.
, $\Gamma_{\epsilon}$
( A $<0$ , )
, $n(\Gamma_{\epsilon})$ , $\omega-$
.
$J_{\epsilon}$
$J_{\epsilon}:=\cup\cap\{x\in r_{\acute{2}},\theta’r_{1}’(\mathrm{R}_{+}^{3}.)^{\mathrm{o}} : x\in D_{(r_{1’}’r_{\acute{2}})}\cap C_{(0,\theta’)}\subset n(\Gamma_{\epsilon})\}$
.
$\epsilon$ 0 , $r_{1}’$ 0 , $r_{2}’$
, $\theta’$ $\pi$ . ,
$r_{1},$ $r_{2}(>0)$ $\theta_{1}(\in(0, \pi))$ , $\epsilon$ , $0<r_{1}’<r_{1}<r_{2}<r_{2}’<\infty$
$0<\theta_{1}<\theta’<\pi$ .
$C_{(0,\theta_{1})}\subset\{x\in \mathrm{R}_{+}^{3} : X\in I(q)_{\epsilon}\cup J_{\epsilon}\}\subset\{x\in \mathrm{R}_{+}^{3} : x\in I(q)_{\epsilon}\cup n(\Gamma_{\epsilon})\}$ . (3)
(1), (2) (3) , $(\mathrm{R}_{+}^{3})^{\mathrm{o}}$ $\psi$
$\omega-$ , .




(LV) , $a\text{ }=-1$ $(i=$
$1,2,3)$ , , $\gamma_{1}x_{1}^{*}=\gamma_{2}x_{2}^{*}=\gamma_{3}x_{3}^{*}$
. $(x_{1}^{*}, x_{2}^{*}, x_{3}^{*})$ .
.
2[U]. (LV) $(\mathrm{C}1)’$ $(\mathrm{C}2)’$
.
$(\mathrm{C}1)’$ $1+i=1\text{ }(13+a_{i,i-1})>0$ , $(\mathrm{C}2)’$ $8+i=1\text{ }a_{i,i-1}3<0$ .
$a_{i,i+1}(i=1,2,3)$ 0 , \mbox{\boldmath $\omega$}-
, .












$( \sum_{\dot{l}}\gamma_{i}x_{\dot{l}}^{*}a_{\dot{l}i})\{.\cdot\sum_{\neq j}\gamma_{\dot{l}}\gamma_{j}x_{\dot{l}}^{*}x_{j}^{*}(a_{\dot{l}\dot{l}}a_{jj}-a_{\dot{l}j}a_{j:})\}+(\prod_{\dot{l}}\gamma_{\dot{l}}x_{1}^{*}.)\det A$
$<0$ .
, $(\mathrm{R}_{+}^{3})^{\mathrm{o}}$ .
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